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[PS] £fgfC#58iKg©£8&*mfc&8WliX- 

>Xi¥l 0, iEO®{lT*©m2 U>X82 0fcJ:O'S&3 
U>Xfff3 0. ^l©®jT^<D^4U>Xgp4 0. IE©Jffl 

mat, J&2U>X|¥2 0, 1S3U>Xi*3 0, 314 U 

l*. X^V-XBUOItK:, au>X41, »£P>X 
4 2, iElx>X4 3K:J:*)*SJJjS;*tt&. gU>X4 1(3: 

v-^ncfoutcmmt* */ciEu>x4 3 




imm*<mm 

[mm n * - >t j<t o wk . nommtiom 

1 U>Xgf. IE©JS«t;'3©02 U>X|¥. IE<DmVij]<D 

03 u>xp, £©js*wj©04 u>xg¥, e©®^ 

©0 5 U > Xgf© 5 g¥J££-Ctifo£ $ ft . £ AttflHfe 6 n 

jfiifiHiucrsi^orsefiitf^iBicB. iriB0i b>xg? 

te<fctf05 U>Xi¥B@J£i*ft. iflB02 b>X8¥, 0 

3u>xm, *5j:a«4u>xs*mk?*B»H«:» 
#11304 u>xg*#, i> — *3 JWtc, Mffi£x 

* 'J ->ffJ(C[dJWfc* U >X£ , OffifcX f)- >WJK 
I^WfcfiU>XiOBB**ffifl(K|SjWfciEU>X<!:*« 

x i #> 6 «ti& $ ft & c t zim t * i &mm x- a u > 
x„ 

[ 11*12] friB»4P>xi¥*©ft*>xi"j->i) 

X4iEU>X4©£fi»ft£Bli*f. 4Lfc4*(C. 
-3. 0<f. /f,,<- 1. 2 

a * m zmtct c t mm 1 1 znm i ibiscs?* 

fflX-AI/>X. 

[ 111*13] irie^2i/>Xi¥«. xixj-^wwo 

JBCC. IEUVX4. mu>X£#>6fc*C££!f$ia£-f 
&S!*g 1 */cB2sB*S©«:B*fflX--AU>X, 
[ if *3 4 ] it?iB0 5 U > Xgf «. tf 8ft©iE U > X 

i»rti*{ce«©aiwax- a u >x„ 

[«*S5] miB04U>Xg¥4J©£fcX*'j->ffli| 

w>x. 

[»*I6] iiiriB04u>Xi^©x*y->flijj:ij 

ft&JKC. a?StSC©iEU>X*!!*-<TfiBg3nSCt* 

its* i-rsis*! i ten 1 5 ©i»rftjfcfcK«©awfl 

X-AP>X 0 
[000 1 ] 

h\ *£i>B*£*^S*£K3yn$ftfc«*x * 

X- A b > XKM-T £ t> <DV8> & . 
[0 00 2] 

[fikfc©ftffi] ^rt'A^X^-f K. *-5t,»BjRSSm 

MJ WX©X-AU>X#ffll>6ft-C<,>S 0 SB* 
fflX-Ab>XB, -eo^eJtJWl. 4gg£fc*J:'> 
tdtfiSStVC**?). 2g¥05$, 3 88*3. 48¥fl53. & 
£1>B5 gf^©4>©*s±fiSt fc 9tl>5. 

[ 0 0 0 3 ] m 1 6 tt, S63fc05 ffi^aottWIX- A 
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U>X©U>X11iJ5;£^-f6©-C&S. X-Ab>X7 
0B, xi";->iiJJ:0)i(i:. H©ISJt;Jj©0 1 U>X 
£7 1 . JE©IS*T^©^2 U>Xgf7 2. iE©J31fc*J© 
03U>Xgf7 3, M<DmifTlJ<DW4 U>Xgf7 4. IE 

omftijomb u>xm 5*>6«wtsns. 01 u> 

Xff 7 1 fc<J:O*05 U>X87 5tt*©tt«#HJ&**i 
T*s0. 02U>X8¥7 2. 03U>Xg¥7 3. teiCX 

r. KftJsiw^eajtiafflijK^^f tons j: 5 k& -> 

10 ri^„ 05 U>Xt¥7 5 0SIIKB, £)£X 

'JXAiLT©¥^T^7X7 6&wm$tiz>. 
[0004] 

B. -A5CC, 04U>Xgf7 4©*rtiM7 7fc«fcO : 05 
U>XSf7 5©AW®7 8*3. £tC|H®t»;KJ|£(£$ft£ 

20 [0 00 5] *«M»±iao*1»*J!f«0r«t3tlA:*> 

>x?rffi«-ri» c i & i r s . 

[0006] 

[t$H£)J?i*f Sfc«>©#8] ±EB»*jtfiWSfc» 
CC*^©X-AU>XB> sg4U>X8f£, Xi"J- 

vfflfjcfcoiitc. Das*^e";->iJtci6iwfc»u>x 

i. mffi£X£'J->dJK|6]tt/t£U>X£eiffi£f&E 

E4«tffiWJic:|6iWfciEU>X4«:j:0*fiE^Sfe©-C* 
30 6. &*$. m4u>xgptfj-c«fcxi";->ii«:iBa3 

n-5«U>X©^ffi»=&f 41> «^-U>X4iEU>X 
i©^fiXHft^»Ht*f . 4L./c4$«C, 
-3. 0<f. /f„<- 1. 2 
tc*&#*$tfc? J: tct Z<DtfiJ:\.\ 
[0 00 7] tits 02U>Xg¥% > Xi"J->WJJ:f3 
lite. EU>X<b. *U>Xi3{pe.«fi£-r£©A^I<>. 
05b>XP«r. a^tfe©iEU>X{C«k0flfeS^ 

[0 00 8] $6tC. 04 U>XgfE|3©BfeXi' 
fc. 04U>X»*©Xi";->ffliJJ:»)«;»«(C t 

tjcciEuvx^^-cBBg-rs©^^. 

[0009] 

[ftffl] flWttt. 04 U>X?3f©li&Xd"J ->ffli| 
K. Hffl^Xi"J->iJ{C|6l^fcau>X?r. S/cgfe 
(SfflWJK, flffi*^SiJ«:|S]»/cEU>X^iBg-r.?»C 
ifC«tfJ, HIBIPB^tK:^ ^ 0 4 U >Xgf©AltSO : 

wa*»ftK©^bs*s^3 < d. micm®Mi$z 

M1)WZ.P>ti?>. 
50 [0 0 1 0] tic, 
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-3. 0< f. /f 41 <- 1. 2 

4 u > xg? * <z>s t * * i; - >ffij cc{±g-r ft u > xo 

[00 11] *fc. IS2U>X?¥£IEU>X<bjtU>X 
Xgf <Dte*0feJRM©Xtt*\ 3 viRSI*«IiL & C <b # 
«*(©jEU>XCC < tOflteE-r*C<kr % #5U>X»* 

[00 1 2] *fc. *4U>X»*<D*fc**'J->«| 
[00 13] 

>XC[)U>Xfl|fiJE^7nT4>(D"C*S. X-AU>X5 

**y->WJ<fcOJllBK:> *©H*f*©*l U>Xf¥ 
1 0 , iE©IS»r*©fll2 U>XS2 0 , JEOMtfrlKDm 
3U>Xg?3 0, *CDMtfr^O»4U>Xf¥4 0, IE© 
mVrjwm 5U>Xg*50©5 »JB*C*ldE S tlX I > 

*. j»5u>x»5 0©»M«l«:tt^j«^yXA4Lr 30 
©ww^*6 o**ensft«. 
[0014] x-au>X5t^ mi U>Xgf 1 Ofc 

mnmifr hm&mtcftfr -> x 5 nek » 

2U>Xg£2 0, !ft3U>XS¥3 0, *sicf»4 U>X 
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»»4 U>X#4 0 £H*ttfc£tt<*ft*o 
[00 15] 

[XfkM] rnnmjfe#!j mi u>xpi ok, x^y 

->ffl!U: DJEK:, IEU>Xl 1 , SU>X1 2, Su> 
XI 3tC<t»]»SE$*ia. IH2U>Xffif2 0^ IEU> 
X2 1 £f|U>X2 2 £<D2tfc©U>Xa>6>»JiK3tt 
£ e 3g3U>Xgf3 0te, Mffi#£jE©IEU>X3 1 <b 

2£*S£Lfc«£U>X3 3fr6*JSS*lS. 

[0016] fff4U>Xgf4 0tt, WB3WHB©*U> 
X4 1 t t Mffi^I"JffiCDAU>X4 5 iHffi^Offi©iE 
U>X4 6 4*«£0T&**£l/>X4 2i: % Wffitf 
CiIi©jEl/>X4 3 4fr6f«fltSh4. COS4U>X 
#4 0tt, gfcx^y->MK2ft©:gu>X4 1, 4 
5#, */cX^li->ffl!jJ:0«aM«:«2«c©iEU>X 
4 6, 4 3*^rEltStlfc«J«4ttorc>*. 

[0 0 1 7]SI5U;/X»5 0tt, £bffi£X£';->»J 

tc[6jc^c^^x^xttoiEu>X5 1 t> wm&am® 

IE U > X 5 2 i <D 2 ft CD U > X tc J: 0 5 ft £ . 
[0 0 18] 91 1 HtWOX- A 1/>X5 ©ttitt*© 

f = 38. 3mm-4 9. 2mm 
f 41 = - 3 5. 12mm 
f. = 6 1. 47mm 
F N0 = 1. 7- 2. 0 
[0019] iiB^- f 

81 f 4l tt»4i/>x»4 0*r*«>x^y->«jK:ffi 
g-r^ftu>X4 loMdoei. f. ti»4u>x»4 

0*©a^U>X4 2 £iEU>X4 3 t (D^JflEjlft^JE 
[0 02 0] X-AU>X5(DU>Xf r -^^;XcD^l 

[0 02 1] 
[111] 
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1.60 


1.48749 


70.4 


6 


37. 700 
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44.400 


5.22 


1.79950 


42.3 
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-343.900 


10.64 
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- 90.600 


1.30 


1.48749 


70.4 
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68.120 
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61. 500 


7.44 


1. 80420 


46.5 


1 2 


- 32.350 


1.92 


1.84666 


23.8 


1 3 


-104.466 








1 4 


& 0 


6.00 






1 5 


- 29.590 


1.21 


1.67270 


32.2 


1 6 


123. 600 


1.94 






1 7 


-107. 000 


1.50 


1.84666 


23.8 
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62. 530 


7.86 


1.48749 


70.4 


1 9 


- 45.304 
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188.900 
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1.80420 


46.5 
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- 62.428 
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92.000 


3.65 


1.83400 


39.6 
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324.700 


0.20 






24 


106.700 


4.10 
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23.8 
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00 


5.00 
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00 


34.50 


1. 51680 
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00 


8.49 
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[0 022] Sfc, flbAEBf £38. 3mm, 4 3 . 40 5 U>X£ 5 0 tOWfflmD 2 lit. *ft*ft3W»2 
9mm. 49. 2 mm&t btct # 1 U>XP 1 0 <t fc^LfcJ: 9 
£2 U>Xgf2 0£<Dffifffll?§D6, lf!2 U>X?¥2 0 £ [0 02 3 ] 

»3 1/>X#3 0<fc<DffifflKD 1 0, Sg3U>XS¥3 0 [312] 

trntommmu 1 3, tej:c;»4u>x»4o<fcsi 
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2 6. 0 80 
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5. 402 
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1. 500 
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Dl 3 
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13. 6 94 




D2 1 


1. 000 


5. 423 


8. 567 



[0 0 2 4] *fc, *»WOX-AU>X(D««Mir* 

s r r. /f 41 j ©nt*. 

f. /f 4 i = 6 1.47/ (-3 5. 1 2) = 
-1.75 

-3. 0< f . /f„ <- 1 . 2 

[0 0 2 5 ] X-AU>X5(D)Aftffir(DilX^0^02 
fe<fcWH3fc. */cSSigrcDJRMBI4ia4*jJ:^ia5 

fc^fo H2 4a<fcyEI4<DS^K:*5C>r (A) » 

SHMKS** (B)tt#^tJUm*. <C) ttSftJRM* 

*orir>*. H2*j<twa4* (B) 0#j&ftm<c* 

*0, 13* (A) . (B) , (C) , (D) . (E) 
*h*ftfciM:b (1. 00), (0. 90), 
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(0.70), (0.50). ( 0 . 00){Cfc 

[0026] r»2jns^j H6«, ^mm<ommx 

-AU>X©W2«/S«*5Wfc©"C*0, H*0## 

SfeWI(DX-AU>X6"C«, »5 U>X#5 0#» Hffi 
#flffi©iEU>X5 2©*CCj:0«l)SE3tin^. CO 
X-AU>X6Of±«tt^©ite0'C**. 
[0 0 2 7 ] f = 37. Omm-55. 0mm 
f 4i = - 3 0. 8 6mm 
f . = 4 9. 1 6mm 
F M0 = 2. 0- 2. 6 

[0 0 2 8 ] I2^iMOX-Al/>X6©U>Xf^ 
**S3fcSVT. 
[002 9] 
[S3] 



(6) ftH2 0 0 0- 1 3 7 1 6 5 

9 10 













i 


106. 130 
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55.5 


2 


-305.000 


0.300 
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1.700 
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70.4 
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25.473 


11.303 
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- 44.480 


1.600 


1.48749 


70.4 
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113. 520 
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58.000 


4.420 


1.83400 


37.3 
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- 87.341 


0.519 
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- 58.600 


1.600 


1. 54072 


47.2 


1 0 


00 


*BE 






1 1 


71.850 


4.520 


L 77250 


49.6 


1 2 


- 48.190 


1.600 


1.84666 


23.8 


1 3 


-138.000 








1 4 


& 0 


9.362 






1 5 


- 33.758 


1.600 


1.75520 


27.5 


1 6 


76. 791 


2.361 






1 7 


- 79.000 


1.600 


1.84666 


23.8 


1 8 


46.750 


7.670 


1.69680 


55.5 


1 9 


- 46.750 


0.200 
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145.000 


6.550 


1.77250 


49.6 
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- 63.822 
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84.497 


6.110 


1.84666 


23.8 
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-175.000 
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00 


33.41 


1.51680 


64.2 
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00 


9.241 
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[003 0 ] t1t % ttAEItf*3 7. 0mm. 43. 5 U>XB5 0 iOffilBHD 2 1 tt, *tl*tl*4fCK 

9mm, 5 5. 0 mmtCltctZ, W 1 U>*8* 1 0 t Lfci 5 KSHfc**. 

»2U>X82O£0ffifflHD6. »2U>X«2 0± 40 [0 03 1] 
»3U>X»3 0 4(OffilBI»D 1 0, KI3U>Xg¥3 0 [*4] 
ii^OiCDffiWPgD 1 3, *jJ:of»4U>X»4 0iJ» 
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. 0 


■ 
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1 5. 


507 
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7 8 2 
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2 24 
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Dl 0 


1 2. 


726 
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2 8 3 
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0 0 0 
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Dl 3 


8. 


860 


14. 


0 84 


2 1. 


8 8 3 




D2 1 


1. 


OOO 


4. 


9 5 2 


9. 


9 9 7 



[00 3 2 ] X-AU>X6®#«ffitt, 

f . /f 4i = 4 9.1 6/ (-3 0. 8 6) = 

-1.59 

-3. 0< f . /f 41 <- 1. 2 
[0 03 3 ] X-AU>X6 0j£H««:*j^&iRliia«: 

[0034] r^3 mmms hub, *«n<D&RJ!J 

X-AU>XCD»3»J6Kffil*^-i-*>©r*0, S*<Dtf 
^J:^l:fcJ:0 : ^6&C^UcX~Alx>X5, 6<t£ji 
fcffllrtfc. C©»3||JfeW<DX~AU>X7 rtt* X- 
AP>X5, 6KSLfcfil'>Xl 3fcft*.T % » 1 1/ 

>Xg¥ l o *<D* * »; -XIU: 0 HcDJIJr^ 
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&»£u>xi ifrm&stixi,* 

[0 0 3 5 ]l?l3^lfeWOX-A 

[0 0 3 6 ] f = 38.0m 
f 4i = - 3 8. 1 1 mm 
f . = 6 2.48mm 
F M0 = 2. 0- 2. 4 

[0 0 3 7 ] X-AU>X7<DU 

[0 0 3 8] 
[*5] 



xi 6t*«*ura 

& 0 £/cJS5U>X^ 

u>X7©tt«tt;x© 

m^49. 2mm 



>Xf r -^^5^7n 
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- 44.424 


0.191 






1 0 
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1.200 
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23.8 
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1. 71300 
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- 31.579 
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38.0 
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2.846 


1.62004 


36.3 
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176.249 


6.716 
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37.3 
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30.000 


1.51680 


64.2 
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10.027 
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[0039] i/c *6,£JE(tf *3 8. 0mm, 43. 5 U>X# 5 0 iCDfflffflRID 2 2 Z tl? +1*16 dCfjk 

6mm, 49. 2 mmtCL/ci # 1 U>Xf¥ 1 0 i 40 Lfc<fc 9«C*{frr*. 
»2U>X»2 0i(DfflilHHD7. Sfl 2 U>Xg¥2 0 <b [0 04 0] 

SS3 U>Xgf3 0 iCDMPlD 1 1 , 03 b>X$3 0 [*6 ] 

i«9icoaBIBBD 1 4, teitfSW U>X»4 0 
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38. 0 


43. 6 


4 9 
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D7 


13. 7 64 


8.013 
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50 0 
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D 1 1 


11. 699 


10. 383 
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66 3 
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D14 


7. 633 


11. 3 7 8 


1 5. 


53 0 




D2 2 


1. 000 


4. 323 


6. 


404 



[0 04 1 ] X-AU>X7(DMI^ 

f „ /f 4l = 6 2. 4 8/ (-3 8. 1 1 ) = 

-1.64 

-3. 0< f . /f „ <- 1. 2 

[0 042 ] X-AU>X7©l£ft«fc;btt&i[mH* 
HI 2fc«fctfHl 3K, SB«fcfcWS*«IH*Hl 4 

te<to*ai 

[0 04 3] 

fttt, ^4U>Xl¥co*fmM<i:m5U>X|¥cDA*t0a<!: 

s»3W*6n*. tit. »4u>x»sr«fisrs#u 

[0 044] *fc, »2U>X»*2ft©U>Xfc:<J:') 
[0 04 5 ] *fc, W4U>X«Mt«D«t>**y->«l 

WMim*.hti&. tit. m4is>xmtp<Dz>7>)-> 

t ]<fc 0 Sf^JIfc: % M$tt©IE u > X%36^r Bur s c 



[HI ] *^©»RfflX--AU>X©*liat«*^ 

■j-u^xflteHa-c**. 

[H2] HlKi%UfcX-AU>X©IEJi*«:4j»4JR 
^0r&O> (A) tt»HiRa*. (B) a^jftJDOl 

[H3] Hlfc5KLteX-AU>X©fl;jMJWc*jW*<« 
JRSBT?**). (A)ttMUtl. ooccfcttSiR* 



(B) tiftmtO. 9 OfcfcttSJRH*, (C) tt 
MJtO. 7 0K*j^SiDai*, (D)fcttMttfcO. 5 
0 (E)fcttfciSJtO. OOfcfctfSJR 

[04] Hl«c^UfeX-AU>XOSBt4B(c*$^4iR 
HH-C* 0 , (A) ttlMBiRg* , ( B ) tt#^SJRSI 

4, (C) BS«D»«r*h-eh«L'Cl»«. 

[H5] mi(<cnkLitx~j*\/>x<DW&mctevzm 

HXg0?£>D, (A) iifflOtl. 0 0«c*jW5jRSS 
20 4, (B) ttftlMtO. 9 OCCtettSJRSI*, (C) « 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zoom lens for projection 
where the fluctuation of varous aberrations accompanying varying the 
power is restrained. 

SOLUTION: The zoom lens 5 is constituted of five-group system, that 
is, a 1st lens group 10 having negative refractive power, 2nd and 3rd 
lens groups 20 and 30 having positive refractive power, a 4th lens 
group 40 having negative refractive power and a 5th lens group 50 
having positive refractive power. In the case of performing variable 
power, the 2nd, the 3rd and the 4th lens groups 20, 30 and 40 are 
moved on an optical axis. The 4th lens group 40 is constituted of a 
negative lens 41 , a compound lens 42 and a positive lens 43 in order 
from a screen side. The negative lens 41 is constituted so that its 
concave surface may face to the screen side, and the positive lens 43 
is constituted so that its convex surface may face to an image surface 
side, thereby, the variation of the light beam angle of the 4th lens group 40 associated with the change of 
spacing is made small, and the fluctuation of the aberration accompanying varying the power is restrained. 
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* 'NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable zoom lens for projection for the projector for carrying out 
amplification projection of the image displayed on the film, a slide or a liquid crystal display, etc. at a screen. 
[0002] 

[Description of the Prior Art] In the projector which carries out amplification projection, the tele cent rucksack type 
zoom lens is used for the screen as optical system for projection in the image displayed on the film, a slide or a liquid 
crystal display, etc. The zoom lens for projection is constituted so that the variable power ratio may become about 1 .4, 
and 2 group formats, 3 group formats, 4 group formats, or its 5 group formats are in use. 

[0003] Drawing 16 shows the lens configuration of the zoom lens for projection of 5 conventional group formats. A 
zoom lens 70 consists of the 1st lens group 71 of negative refractive power, the 2nd lens group 72 of forward refractive 
power, a 3rd lens group 73 of forward refractive power, a 4th lens group 74 of negative refractive power, and a 5th lens 
group 75 of forward refractive power in order [ side / screen ]. As for the 1st lens group 71 and the 5th lens group 75, 
the location is being fixed, and variable power is performed to a tele edge side from wide angle one end by moving 
relatively the 2nd lens group 72, the 3rd lens group 73, and the 4th lens group 74 on an optical axis. In addition, the 
parallel glass 76 as synthetic prism is arranged at the image surface side of the 5th lens group 75. 
[0004] 

[Problem(s) to be Solved by the Invention] With both the conventional zoom lenses, generally, since the injection side 
77 of the 4th lens group 74 and the plane of incidence 78 of the 5th lens group 75 are formed in the shape of a concave 
surface, a beam-of- light include angle tends to change a lot with change of the spacing at the time of variable power. 
For this reason, the aberration fluctuation accompanying variable power was large, and it was difficult to maintain the 
balance of many aberration at a good condition in the whole region of a variable power region. 
[0005] This invention was made in consideration of the above-mentioned situation, and aims at offering the zoom lens 
for projection which suppressed fluctuation of many aberration in accordance with variable power. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the compound lens which comes to 
join the negative lens which turned the concave surface to the screen side for the 4th lens group in order [ side / 
screen ], and the negative lens which turned the concave surface to the screen side and the positive lens which turned 
the convex to the image surface side, and the positive lens which turned the convex to the image surface side constitute 
the zoom lens of this invention, in addition, the focal distance of the negative lens most arranged in the 4th lens group 
at a screen side - the synthetic focal distance of f41, a compound lens, and a positive lens - fa ** - the time of 
carrying out -3.0<fa/ f41 ~ < -1.2 - it is good to fulfill conditions. 

[0007] Moreover, it is good to constitute the 2nd lens group from a positive lens and a negative lens in order [ side / 
screen ]. Moreover, it is good for two or more positive lenses to constitute the 5th lens group. 

[0008] Furthermore, it is best to arrange two or more negative lenses side by side to a screen side in the 4th lens group. 
Moreover, it is better than the screen side in the 4th lens group to arrange two or more positive lenses side by side to 
the tail end. 
[0009] 

[Function] In this invention, by arranging the positive lens which turned to the image surface side most the negative 
lens of the 4th lens group which turned the concave surface to the screen side, and turned the convex to the screen side 
most again at the image surface side, the incidence of the 4th lens group accompanying change of a spacing and the 
variation of a injection beam-of-light include angle become small, and the aberration fluctuation accompanying 
variable power is suppressed. 
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[0010] Moreover, by filling conditional-expression-3.0<fa/f41<-1.2, fluctuation of the curvature of field accompanying 

variable power can be suppressed, and the balance of many aberration can be maintained at a good condition. If either 

the upper limit of conditional expression or a minimum is exceeded, the balance of the refractive power of the negative 

lens in the 4th lens group most located in a screen side and the refractive power of the positive lens located in the tail 

end from a screen side will collapse, and a curvature of field and comatic aberration will get worse. 

[001 1] Moreover, fluctuation of the chromatic aberration of the scale factor of this 2nd lens group and comatic 

aberration can be suppressed with constituting the 2nd lens group with two lenses of a positive lens and a negative lens. 

Moreover, with constituting the 5th lens group most located in an image surface side with two or more positive lenses, 

the forward refractive power in the 5th lens group can be distributed, and a curvature of field can be eased. 

[0012] Moreover, most, by the thing in the 4th lens group for which two or more negative lenses are arranged side by 

side to a screen side, the negative refractive power in this 4th lens group can be distributed, and a curvature of field and 

spherical aberration can be suppressed. Moreover, from the screen side in the 4th lens group, by arranging two or more 

positive lenses side by side to the tail end, the forward refractive power in this 4th lens group can be distributed, and a 

curvature of field can be stopped. 

[0013] 

[Embodiment of the Invention] Drawing 1 shows the lens configuration of the zoom lens for projection of this 
invention. The zoom lens 5 consists of 5 group formats of the 1st lens group 10 of negative refractive power, the 2nd 
lens group 20 of forward refractive power, the 3rd lens group 30 of forward refractive power, the 4th lens group 40 of 
negative refractive power, and the 5th lens group 50 of forward refractive power in order [ side / screen ]. The parallel 
glass 60 as synthetic prism is arranged at the image surface side of the 5th lens group 50. 

[0014] With a zoom lens 5, in case the location is being fixed and the 1st lens group 10 and the 5th lens group 50 
perform variable power toward a tele edge side from wide angle one end, the 2nd lens group 20, the 3rd lens group 30, 
and the 4th lens group 40 are relatively moved on an optical axis. In addition, a drawing location is moved in one with 
the 4th lens group 40. 
[0015] 

[Example] The 1st lens group 10 of "the 1st example" is constituted from a screen side by a positive lens 1 1, a negative 
lens 12, and the negative lens 13 in order. The 2nd lens group 20 consists of two lenses of a positive lens 21 and a 
negative lens 22. The 3rd lens group 30 consists of compound lenses 33 to which both sides joined the convex positive 
lens 31 and the negative lens 32 of the shape of a meniscus which turned the concave surface to the screen side. 
[0016] As for the 4th lens group 40, the compound lens 42 with which the concave negative lens 45 and both sides 
come for both sides to join [ both sides ] the convex positive lens 46 to the concave negative lens 41, and both sides 
consist of convex positive lenses 43. This 4th lens group 40 is on the screen side most with the configuration that two 
positive lenses 46 and 43 arranged in the tail end from the screen side, and two negative lenses 41 and 45 have been 
arranged again. 

[0017] The meniscus-like positive lens 51 with which the 5th lens group 50 turned the convex to the screen side, and 
both sides are constituted by two lenses with the convex positive lens 52. 
[0018] The specification of the zoom lens 5 of the 1st example is as follows. 

f = 38.3mm - 49.2mmf41=-35.12mmfa = 61.47mmFNO= 1.7- 2.0 [0019] They are the focal distance of the negative 
lens 41 with which f is located in the focal distance in the whole optical system in the 4th lens group 40 among the 
above-mentioned data, and f41 is most located in a screen side, and fa. The synthetic focal distance of the compound 
lens 42 in the 4th lens group 40 and a positive lens 43 and FNO show the f number. 

[0020] The lens data of a zoom lens 5 are shown in the following table 1. In addition, the field number i is a number 
given to the field of each lens sequentially from the screen side, and Spacing D expresses Hazama's lens thickness or 
air space with the next field (a unit is mm). 
[0021] 
[A table 1] 
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[0022] Moreover, when a focal distance f is set to 38.3mm, 43.9mm, and 49.2mm, the spacing D6 of the 1st lens group 
10 and the 2nd lens group 20, the spacing D10 of the 2nd lens group 20 and the 3rd lens group 30, the spacing D13 of 
the 3rd lens group 30 and drawing, and the spacing D21 of the 4th lens group 40 and the 5th lens group 50 change, as 
shown in the following table 2, respectively. 
[0023] 
[A table 2] 
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[0024] moreover, the value of "fa / f41" which is the description value of the zoom lens of this invention - fa / f41 = 
61.47/(^35.12) ** -1.75 - it is « conditional expression -3.0 - < - fa / f41 < -1.2 is filled. 
[0025] Aberration drawing in the wide angle edge of a zoom lens 5 is shown in drawing 2 and drawing 3 , and 
aberration drawing in a tele edge is shown in drawin g 4 and drawing 5 . In addition, in each of drawing 2 and drawin g 
4 , in (A), (B) expresses astigmatism and (C) expresses distortion aberration for spherical aberration. The signs S and T 
in astigmatism drawing of (B) express the aberration over a sagittal image surface and the tangential image surface 
among drawin g 2 and drawin g 4 , respectively. Moreover, drawin g 3 and drawing 5 are transverse aberration drawings, 
and (A), (B), (C), (D), and (E) express among drawing an image quantity ratio (1.00), (0.90), (0.70), (0.50), and (0.00) 
the aberration that can be set, respectively. 

[0026] "2nd example" drawin g 6 shows the example of the 2nd configuration of the zoom lens for projection of this 
invention, and the sign in drawing was used in common with the zoom lens 5 shown in drawing 1 . Both sides are 
constituted for the 5th lens group 50 from the zoom lens 6 of the 2nd example by only the convex positive lens 52. The 
specification of this zoom lens 6 is as follows. 

[0027] f = 37.0mm - 55.0mmf41=-30.86mmfa - 49.16mmFNO= 2.0- 2.6 [0028] The lens data of the zoom lens 6 of 
the 2nd example are shown in a table 3. 
[0029] 
[A table 3] 
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[0030] Moreover, when a focal distance f is set to 37.0mm, 43.9mm, and 55.0mm, the spacing D6 of the 1st lens group 
10 and the 2nd lens group 20, the spacing D10 of the 2nd lens group 20 and the 3rd lens group 30, the spacing D13 of 
the 3rd lens group 30 and drawing, and the spacing D21 of the 4th lens group 40 and the 5th lens group 50 change, as 
shown in a table 4, respectively. 
[0031] 
[A table 4] 
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[0032] the description value of a zoom lens 6 - fa / f41 = 49.16/(-30.86) ** -1.59 - it is conditional expression -3.0 - 
-<- fa / f41 < -1.2 is filled. 

[0033] Aberration drawing [ in / for aberration drawing in the wide angle edge of a zoom lens 6 / a tele edge ] is shown 
in drawin g 7 and drawin g 8 again at drawin g 9 and drawing 10 . 

[0034] "3rd example" drawing 1 1 shows the example of the 3rd configuration of the zoom lens for projection of this 
invention, and the sign in drawing was used in common with the zoom lenses 5 and 6 shown in drawing 1 and drawin g 
6 . With the zoom lens 7 of this 3rd example, it replaces with the negative lens 13 shown in zoom lenses 5 and 6, and 
the compound lens 17 which comes to join the meniscus-like positive lens 16 to which it has negative refractive power 
in the tail end, and both sides turned a concave negative lens 15 and a concave convex at the screen side is arranged 
from the screen side in the 1st lens group 10. Moreover, both sides are constituted for the 5th lens group 50 by only the 
convex positive lens 52. 

[0035] The specification of the zoom lens 7 of the 3rd example is as follows. 

[0036] f = 38.0mm - 49.2mmf41=-38.1 lmmfa = 62.48mmFNO 2.0- 2.4 [0037] The lens data of a zoom lens 7 are 
shown in a table 5. 
[0038] 
[A table 5] 
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[0039] Moreover, when a focal distance f is set to 38.0mm, 43.6mm, and 49.2mm, the spacing D7 of the 1st lens group 
10 and the 2nd lens group 20, the spacing Dl 1 of the 2nd lens group 20 and the 3rd lens group 30, the spacing D14 of 
the 3rd lens group 30 and drawing, and the spacing D22 of the 4th lens group 40 and the 5th lens group 50 change, as 
shown in a table 6, respectively. 
[0040] 
[A table 6] 
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[0041] the description value of a zoom lens 7 - fa / f41 = 62.48/(-38.1 1) ** -1 .64 - it is - conditional expression -3.0 - 
-<-fa/f41<-1.2 is filled. 

[0042] Aberration drawing [ in / for aberration drawing in the wide angle edge of a zoom lens 7 / a tele edge ] is shown 

in drawing 12 and drawin g 13 at drawing 14 and drawin g 15 . 

[0043] 

[Effect of the Invention] Since both the injection side of the 4th lens group and the plane of incidence of the 5th lens 
group are constituted in the shape of a convex as mentioned above according to the zoom lens of this invention, the 
variation of the beam-of-light include angle accompanying change of these spacings becomes small, and the aberration 
fluctuation accompanying variable power is suppressed. Moreover, by adjusting the focal distance of each lens which 
constitutes the 4th lens group, the balance of the forward refractive power in the 4th lens group and negative refractive 
power is maintained, fluctuation of the curvature of field accompanying variable power is suppressed, and the balance 
of many aberration is held at a good condition. 

[0044] Moreover, fluctuation of the chromatic aberration of the scale factor of this 2nd lens group and comatic 
aberration are suppressed with constituting the 2nd lens group with two lenses. Furthermore, with constituting the 5th 
lens group most located in an image surface side with two or more positive lenses, the forward refractive power in the 
5th lens group is distributed, and a curvature of field is eased. 

[0045] Moreover, most, by the thing in the 4th lens group for which two or more negative lenses are arranged side by 
side to a screen side, the negative refractive power in the 4th lens group is distributed, and a curvature of field and 
spherical aberration are suppressed. Moreover, from the screen side in the 4th lens group, by arranging two or more 
positive lenses side by side to the tail end, the forward refractive power in the 4th lens group is distributed, and a 
curvature of field is stopped. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In order [ side / screen ], the 1st lens group of negative refractive power, the 2nd lens group of forward 
refractive power, In case it consists of 5 group formats of the 3rd lens group of forward refractive power, the 4th lens 
group of negative refractive power, and the 5th lens group of forward refractive power and variable power is performed 
toward a tele edge side from wide angle one end In the zoom lens for projection to which said 1st lens group and the 
5th lens group are fixed to, and said 2nd lens group, the 3rd lens group, and the 4th lens group are relatively moved on 
an optical axis The negative lens with which said 4th lens group turned the concave surface to the screen side in order 
[ side / screen ], The zoom lens for projection characterized by consisting of a compound lens which comes to join the 
negative lens which turned the concave surface to the screen side, and the positive lens which turned the convex to the 
image surface side, and a positive lens which turned the convex to the image surface side. 

[Claim 2] the focal distance of the negative lens in said 4th lens group arranged most at a screen side — f41 and the 
synthetic focal distance of said compound lens and positive lens -- fa ** -- the time of carrying out -3.0<fa / f41 — < - 
1.2 - zoom lens for projection according to claim 1 characterized by fulfilling conditions. 

[Claim 3] Said 2nd lens group is a zoom lens for projection according to claim 1 or 2 characterized by becoming order 
from a positive lens and a negative lens from a screen side. 

[Claim 4] Said 5th lens group is a zoom lens for projection according to claim 1 to 3 characterized by being constituted 
with two or more positive lenses. 

[Claim 5] The zoom lens for projection according to claim 1 to 4 most characterized by the thing in said 4th lens group 
for which two or more negative lenses arrange and are arranged at a screen side. 

[Claim 6] The zoom lens for projection according to claim 1 to 5 characterized by for two or more positive lenses 
arranging to the tail end, and arranging them from the screen side in said 4th lens group in it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the lens block diagram showing the 1st example of the zoom lens for projection of this invention. 
[Drawing 2] It is aberration drawing in the wide angle edge of the zoom lens shown in drawin g 1 , and (B) carries out 
astigmatism and, as for (C), (A) is carrying out the table of the distortion aberration for spherical aberration, 
respectively. 

[Drawing 3] It is transverse aberration drawing in the wide angle edge of the zoom lens shown in drawin g 1 , and (A) 

is carrying out the table of the aberration [ in / for aberration / in / for aberration / in / for aberration / in / for the 

aberration in the image quantity ratio 1.00 / in (B) / the image quantity ratio 0.90 / in (C) / the image quantity ratio 

0.70 / in (D) / the image quantity ratio 0.50 / in (E) / the image quantity ratio 0.00 ], respectively. 

[Drawing 4] It is aberration drawing in the tele edge of the zoom lens shown in drawing 1 , and (B) carries out 

astigmatism and, as for (C), (A) is carrying out the table of the distortion aberration for spherical aberration, 

respectively. 

[Drawing 5] It is transverse aberration drawing in the tele edge of the zoom lens shown in drawing 1 , and (A) is 

carrying out the table of the aberration [ in / for aberration / in / for aberration / in / for aberration / in / for the 

aberration in the image quantity ratio 1 .00 / in (B) / the image quantity ratio 0.90 / in (C) / the image quantity ratio 

0.70 / in (D) / the image quantity ratio 0.50 / in (E) / the image quantity ratio 0.00 ], respectively. 

[Drawing 6] It is the lens block diagram showing the 2nd example of the zoom lens for projection of this invention. 

[Drawin g 7] It is aberration drawing in the wide angle edge of the zoom lens shown in drawing 6 . 

[Drawin g 8] It is transverse aberration drawing in the wide angle edge of the zoom lens shown in drawing 6 . 

[Drawing 9] It is aberration drawing in the tele edge of the zoom lens shown in drawing 6 . 

[Drawing 10] It is transverse aberration drawing in the tele edge of the zoom lens shown in drawing 6 . 

[Drawing 11] It is the lens block diagram showing the 3rd example of the zoom lens for projection of this invention. 

[Drawing 12] It is aberration drawing in the wide angle edge of the zoom lens shown in drawing 1 1 . 

[Drawing 13] It is transverse aberration drawing in the wide angle edge of the zoom lens shown in drawing 1 1 . 

[Drawing 14] It is aberration drawing in the tele edge of the zoom lens shown in drawing 1 1 . 

[Drawing 15] It is transverse aberration drawing in the tele edge of the zoom lens shown in drawing 1 1 . 

[Drawing 16] It is the lens block diagram showing the zoom lens for projection of 5 conventional group formats. 

[Description of Notations] 

5, 6, 7, 70 Zoom lens 

10 71 The 1st lens group 

20 72 The 2nd lens group 

30 73 The 3rd lens group 

40 74 The 4th lens group 

50 75 The 5th lens group 

60 76 Parallel glass 
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